Copper oxide supported on MgO was prepared by the wet impregnation method using basic magnesium carbonate and copper nitrate. Thus, a known weight of basic magnesium carbonate was treated with a known amount of copper nitrate dissolved in the least amount of distilled water necessary to make a paste. The paste was dried and then precalcined for 5 h at 400ºC, 500ºC or 600ºC, respectively. The solids obtained were exposed to different doses of -rays ranging between 0.2 MGy and 1.6 MGy. Catalytic conversion of ethanol was carried out at 250-400ºC over various irradiated solids employing a micropulse technique. Other techniques used were nitrogen adsorption measurements at -196ºC, IR spectroscopy and XRD measurements.
INTRODUCTION
The concentration of OH groups on a catalyst surface depends on its composition, the conditions employed for thermal and chemical treatment (i.e. with acids and bases) and also exposure to ionizing radiation (Andreev et al. 1991) . It is well known that an increase in the OH group concentration on a catalyst surface increases its activity towards alcohol dehydration quite considerably (William 1976; Patzelova et al. 1975) . Precalcination at high temperatures (> 500ºC) leads to an effective decrease in the concentration of surface OH groups, which results in a decrease in the catalytic activity of the treated catalyst sample (Ezzo et al. 1980) . Hence, the acidity of a solid catalyst may be modified by the application of several methods: (i) treatment by acids or alkalis (Siddhan and Narayana 1979; Miranda et al. 1984) ; (ii) precalcination at various temperatures (Ezzo et al. 1980) ; or (iii) exposure to ionizing radiation ( -rays).
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Ionizing radiation may induce some changes in the textural or surface structure and in the electrical and magnetic properties of a large variety of solids. Exposure to -irradiation has been shown to bring about a progressive decrease in the surface area of graphite as a result of the progressive blockage of pores due to bulk expansion (Spalaris et al. 1957) . This treatment led to a significant increase in the pore size of steam-activated carbon due to the possible radiolytic decomposition of complexes located on the carbon surface (El-Shobaky et al. 1989a ). -Rays also brought about a considerable decrease in the concentration of Brönsted acid sites on NaY zeolite and -Al 2 O 3 due to the progressive removal of OH groups from the surfaces of these catalysts (Youssef et al. 1990; Abou-Kais and Abou-Kais 1985) . An increase in the Lewis acid centres on NaY zeolite by the application of -irradiation has been observed by Pirogova (1982) . -Irradiation also effected a decrease in the effective paramagnetic moment of CuO loaded on Al 2 O 3 (Youssef et al. 1992) . It has also been reported (El-Shobaky et al. 1989a,b) that the application of -rays led to the removal of chemisorbed oxygen on unloaded Co 3 O 4 and when the latter solid was loaded on -Al 2 O 3 (ElShobaky et al. 1989a (ElShobaky et al. ,b, 1994a . Furthermore, -irradiation effected a progressive decrease in both the microstrain and lattice parameters of Co 3 O 4 crystallites supported on -Al 2 O 3 due to the removal of excess oxygen and crystallite fragmentation (El-Shobaky et al. 1989a) . However, the resulting catalysts underwent deactivation due to the formation of the corresponding aluminates via metal oxide-alumina interactions (Bolt et al. 1993 (Bolt et al. , 1994a . The rate of reaction between the catalytically active constituent (transition metal oxide) and Al 2 O 3 has been reported as varying in the following sequence: CuO > CoO > Co 3 O 4 > NiO > Fe 2 O 3 (Bolt et al. 1994b) . Suppression of aluminate formation is therefore very important for the preparation of these technical catalysts.
The present work was devoted to the study of the effect of thermal treatment and -irradiation on the surface and catalytic properties of CuO/MgO solids. The techniques employed were XRD, IR spectroscopy, nitrogen adsorption studies at -196ºC and the catalytic conversion of ethanol at 250-400ºC using a micropulse technique.
EXPERIMENTAL

Materials
A known mass of finely powdered basic magnesium carbonate was impregnated with a known amount of copper nitrate dissolved in the least amount of doubly distilled water necessary to make a paste. This paste was dried to constant weight at 100ºC and then precalcined at 400ºC, 500ºC or 600ºC for 5 h. The chemicals employed were of analytical grade and supplied by the Fluka Company.
Techniques
X-Ray powder diffraction studies were conducted on the various precalcined solids using a Shimadzu D-D1 type diffractometer. All the patterns were run using Ni-filtered Cu radiation ( = 1.5405 Å) at 60 kV and 25 mA at a scanning speed of 2º in 2 /min.
The specific surface areas of the variously prepared catalyst samples were determined from nitrogen adsorption isotherms measured at -196ºC using a conventional volumetric apparatus. Before carrying out such measurements, each sample was degassed under a reduced pressure of 10 -5 Torr for 2 h at 200ºC. IR transmission spectroscopic investigations were carried out using an ATI Mattson Genesis Series FT-IR spectrometer. The IR spectra were determined over the spectral range 4000-400 cm -1 employing 2 mg of the solid samples mixed with 200 mg vacuum-dried KBr in each instance. This mixture was dispersed by grinding in a vibrating ball mill for 3 min, then placed in a 13 mm diameter steel die and subjected to a pressure of 12 tonne/mm 2 . A Hewlett-Packard 5890 gas chromatograph fitted with a 30 m HP1 capillary column was used for the chromatographic studies reported. This instrument employed an injection temperature of 200ºC, an isothermal oven temperature of 60ºC and an FID temperature of 200ºC, with the catalytic conversion of ethanol being followed using 'free oxygen' nitrogen as the carrier gas at a flow rate of 18 ml/min. Such catalytic studies were conducted at temperatures within the range 250-400ºC with the ethanol being introduced as a pulse via a microsyringe, thereby ensuring that only microquantities of the gaseous vapour (1-2 × 10 -3 cm 3 ) were introduced in the form of a pulse over each 50 mg catalyst sample. The reaction products generated were transferred directly by the inert carrier gas to the gas chromatograph.
RESULTS AND DISCUSSION
Specific surface areas of the various solids obtained
The BET surface areas of the prepared solid samples precalcined at 400ºC, 500ºC or 600ºC, respectively, were determined both before and after exposure of the latter to different doses of -rays in the range 0.2-1.6 MGy. The results obtained from such studies are listed in Table 1 . The data presented demonstrate that -irradiation effected a progressive increase in the specific surface areas of the different solids investigated to an extent proportional to the absorbed doses. The maximum increase in the BET surface area due to treatment with 1.6 MGy radiation attained values of 22%, 25% and 21% for solids precalcined at 400ºC, 500ºC and 600ºC, respectively. Similar results have been obtained by El-Shobaky et al. (1987a ,b, 1988 , 1996 , 1997 , 1998 , 1999 . The observed increase in the specific surface areas of different solids exposed to -irradiation has been attributed to the creation of new pores and also to splitting of the crystallites of the irradiated solids. 
IR investigation of the various solids obtained
The IR spectra of the unirradiated solid samples precalcined at 400-600ºC were measured, the spectra obtained being illustrated in Figure 1 . The data indicate that an increase in the temperature employed for thermal treatment resulted in a progressive decrease in the intensities of the transmission bands characteristic of OH groups (3300-3600 and 1650 cm -1 ). The progressive removal of OH groups under these conditions is to be expected, with these OH groups being located on the surface of the MgO support material. Complete removal of such groups requires heat treatment above 600ºC (Zemlica 1972; Bouman and Burwell 1980) , in a similar manner to Al 2 O 3 which has been employed as a support material for a wide variety of catalysts and which has been shown to retain OH groups on its surface when precalcined at 500ºC. Indeed, it has been reported that the complete removal of surface OH groups from Al 2 O 3 requires prolonged heating at temperatures near 900ºC (Bouman and Burwell 1980) . However, exposure of Al 2 O 3 to various doses of -rays is capable of completely expelling surface OH groups (El-Shobaky et al. 1994b) and for this reason it might be expected that similar treatment of MgO-supported solids may also decrease the concentration of surface OH groups. For this reason, the IR transmission spectra of the various solids precalcined at 400ºC, 500ºC or 600ºC and subjected to 0.8 MGy and 1.6 MGy of -rays were measured. Figure 2 depicts representative spectra for the unirradiated samples and for those precalcined at 400ºC and then exposed to -irradiation. The spectra obtained clearly show that the intensities of bands relative to the OH groups decrease in intensity on increasing the dose of -radiation employed. Examination of all the prepared solids showed, however, that this decrease was most pronounced for those samples precalcined at 400ºC. A similar decrease in the concentration of OH groups as a result of -irradiation has been reported for CuO/Al 2 O 3 , Co 3 O 4 /Al 2 O 3 and Al 2 O 3 solids (El-Shobaky et al. 1987a ,b, 1989a . Such treatment would be expected to be accompanied by a significant decrease in the catalytic activity of the investigated solids.
XRD investigation of the various solids obtained
The X-ray diffractograms of the CuO/MgO solids precalcined at 400-600ºC and subjected to different doses of -rays were also determined. The recorded diffractograms showed that the solids consisted of MgO as a major phase with different degrees of crystallinity, together with some diffraction lines corresponding to a CuO/MgO phase of moderate crystallinity. Figure 3 illustrates the X-ray diffractograms obtained for unirradiated CuO/MgO solid samples precalcined at 400ºC and for those subjected to 0.8 MGy and 1.6 MGy -irradiation. Inspection of the data obtained reveals the following:
1. -Irradiation did not have much effect on the diffraction line for MgO in the various solids, as indicated by the absence of any effect on the peak heights of the diffraction lines for this phase. 2. The diffraction line at a d-spacing of 2.3 Å which is characteristic for the CuO phase was detected in the diffractogram for the unirradiated CuO/MgO solid sample precalcined at 400ºC. However, exposure of this sample to 0.8 MGy -irradiation led to the disappearance of this line, while exposure of the same sample to 1.6 MGy -irradiation brought about its re-appearance. 3. In a similar manner to the solid precalcined at 400ºC, the CuO/MgO specimen subjected to initial heat treatment at 600ºC also produced a diffraction spectrum which contained all the lines characteristic of the MgO phase and two lines at d-spacings of 2.31 Å and 2.51 Å characteristic of the CuO phase. Exposure of the sample to 0.8 MGy -irradiation led to the disappearance of the latter diffraction lines which re-appeared upon exposure of the solid to 1.6 MGy dosage. The disappearance of the diffraction lines corresponding to CuO suggests the fragmentation of CuO crystallites to form small-sized ones which were not capable of detection of XRD methods.
The influence of -rays in the splitting of solid particles has been reported previously for Co 3 O 4 / Al 2 O 3 solids (El-Shobaky et al. 1987b , 1989b . The re-appearance of the diffraction lines corresponding to the CuO phase on exposure of the solid to 1.6 MGy -irradiation might indicate some kind of aggregation of small crystallites to form larger ones. The splitting of CuO crystallites as a result of irradiation at 0.8 MGy may lead to an increase in the degree of dispersion of this phase or an increase in the concentration of catalytically active constituents taking part in the catalyzed reaction.
Catalytic dehydration of ethanol over the various solids obtained
The catalytic reaction was conducted over the CuO/MgO samples precalcined at 400ºC, 500ºC or 600ºC at temperatures within the range 250-400ºC. The catalytic reaction was also followed over the same solids subjected to -irradiation at 0.2, 0.4, 0.8 and 1.6 MGy, respectively.
Effect of precalcination temperature
The various solids investigated acted mainly as dehydration catalysts leading to the formation of ethylene. Total conversion in the catalytic reaction was investigated over such solids precalcined at temperatures within the range 400-600ºC at temperatures of 300ºC, 325ºC or 350ºC, respectively. The total conversion measured at these different temperatures decreased progressively as the precalcination temperature of the solid catalyst increased (see data recorded in Table 2 ). In fact, the total conversion measured at 325ºC over solid catalysts precalcined at 400ºC, 500ºC or 600ºC, respectively, changed from 52% to 47% and then to 39%, respectively. The observed decrease in the catalytic activity may be attributed to the progressive removal of surface OH groups from the solid samples by initial heat treatment.
Effect of g-irradiation
The catalytic reaction was also conducted over the same solid catalysts when the latter had been subjected to -irradiation of 0.2, 0.4, 0.8 and 1.6 MGy intensity, respectively. It is well known that the surface OH groups on a solid catalyst play a decisive role in its catalytic performance in reactions which proceed via a carbonium ion mechanism. The dehydration of alcohols is one such reaction where any change in the concentration of surface OH groups might be accompanied by a corresponding change in the catalytic activity of the treated solids. Hence, the observed decrease in the catalytic activity of the CuO/MgO solids brought about by their exposure to -irradiation (cf. Figure 4 , Table 2 ) can be correlated to the decrease in the concentration of surface OH groups thereby induced. Indeed, exposure of the investigated solids to a -ray dose of 0.8 MGy effected a dramatic decrease in the catalytic activity of the resulting solids which lost more than 90% of their initial activity.
However, this decrease cannot be attributed solely to the effective removal of OH groups from the solid surface. Increasing the precalcination temperature from 400ºC to 600ºC, a process which was accompanied by an effective decrease in the surface concentration of OH groups, was accompanied by only a limited decrease in the catalytic activity of the solid samples. Furthermore, treatment part in the catalytic reaction, and (ii) water molecules formed in the initial stages of the dehydration reaction interacting readily to create new OH surface groups capable of behaving as new active sites.
CONCLUSIONS
The results obtained lead to the following conclusions:
1. Exposure of CuO/MgO samples precalcined at 400-600ºC to different dosages of -rays in the range 0.2-1.6 MGy effected a progressive increase in the BET surface areas of the samples by 22%, 25% and 21%, respectively. 2. This treatment led to a progressive decrease in the concentration of OH groups on the catalyst surface. 3. A -ray dosage of 0.8 MGy resulted in a significant decrease in the CuO crystallites on the surface or alternatively to a considerable increase in the degree of dispersion of the CuO phase. 4. The catalysts investigated regained virtually the whole of their initial activities when exposed to 1.6 MGy -irradiation. 5. The CuO/MgO solids investigated acted mainly as dehydration catalysts, with MgO being the most active catalytic constituent. 6. The activity of the unirradiated solid samples decreased slightly on increasing the precalcination temperature from 400ºC to 600ºC.
